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SUKKA&Y 

Introduction.  In  reading  ranges  from  a  polar  coordinate  display,  the 
observer  must  first  determine  the  range  of  the  range  ring  nearest  the  target, 
and  then  make  a  visual  interpolation  for  a  precise  estimation  of  range.  One 
of  the  factors  affecting  hcv  fast  an  observer  can  identify  a  particular  range 
ring  is  the  speed  vitlx  which  he  can  determine  the  total  number  of  rings; 

These  experiments  were  designed  to  investigate  the  effects  of  display  size 
(visual  ‘angle)  and  brightness  on  the  speed  of  reporting  the  total  number  of 
range  rings. 

Procedures .  Various  numbers,  of  range' rings  vere  projected  onto  a 
Screen,  arid  the  observer  vas  required  to  call  out  the  total  numbor  of  rings 
as  soon  as  he  had  decided  vhat  the  number  vas.  Accuracy  vas  stressed,  and 
the  total  time  required  for  the  correct  identification  vas  measured.  Visual 
angles  between  one  deg reo — 10  minutes  and  90  degrees,  and  brightness  levels 
betveon  0. 05  and  55  apparent  foot  candles  vore  used. 

Conclusions.  The  following  conclusions  vers  made  on  the  basis  of  the 
results  of  the  experiments . 

1.  The  optimum  visual  angle  for  displays  of  this  sort  is  between  2v 
and  60  degrees  of  visual  anglo.  This  optimum  is  riot  very  pronounced. 

2.  Changes  in  visual  anglo  are  most  effective  when  the  total  number 
of  rings  is  great  and  are  loast,  effective  when  the  number  of  rings  is  small. 

5.  The  results  suggest  that  larger  displays  viewed  from  greater 
distances  give  faster  identification  times  than  smaller  displays  viewed  from 
shorter  distances,  even  though  the,  visual  angle  is  the  same  in  both  cases,. 

4.,  The  optimum  screen  brightness  is  about  10  apparent  foot  candles. 

/ 

5.  The  effect  of  increasing  the  total  number  of  rings  is  more  severe 
than  the  effect  of  changes  in  either  visual  angle  or  brightness. 

'6.  Individual  differences  arc  large  and  consistent  and  may  be  one  of 
the  most  important  factors  affecting  the  efficiency  with’  which  this  typo  of 
perceptual  task  is  performed. 
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BiTRQIJUCTIOK 

The  polar  coordinate  display  is  one  of  the  most  widely  used  types  of 
display  in  present  naval  operations.  Because  of  its  importance,  a  great 
deal  of  research  has  heen  done  on  factors  which -affect  the  spoe’d  and  accu¬ 
racy  with  which  ranges  and  hearings  can  he  read  from  the  polar  coordinate 
display.  This  laboratory  has  studied  the  problem  of  range  estimations, 
while  the  Psychophysical  Research  Unit  at  Kt.  Holyoke  College  has  worked 
on  the  problem  of  bearing  estimations. 

Psychological  factors  -in  range  estimation.  Thore  are  several  psycho¬ 
logical  processes  involved  in  determining  the  range  of  a  particular  target 
on  a  polar  coordinate  display,  but  for  most  purposes  only  two  of  theso 
processes  are  important.  In  the  first  place,  the  observer  mu3t  determine 
the  range  of  tho  nearest  range  ring,  in  order  to  get  a  gross  or  crude  range 
estimation.  Secondly,  ho  must  estimate  the  fractional  distance  of  the  target 
between  tvo  successive  range  rings  if  the  target,  does  not  fall  exactly  cn 
one  of  the  rings,  iie  must,  in  other  words,  make  a  visual  interpolation  for 
his  precise  range  estimation. 

These  two  processes  can  bo  handled  independently  from  a  research  point 
of-  view  -in-such  a  way  that,  the  factors  which  affect  each  of  them  can  be 
determined.  This  papor  is  concerned  only  with  the  identification  of  the; 
range  rings,  and  not  with  tho  visual  interpolation  process. 

Identification  of  range  rings.  A  particular  range  ring  can  -be  iden¬ 
tified  if  it  has  seme  characteristic  which  distinguishes  it  from  all  other 
range  rings  on  the  display.  It  may  have  a  specific  coloring,  or  it  may 
have  a  range-  number  marked  on  it  at  various  places .  Or,  on  the  other  hand, 
a  particular  range  ring  can  be  identified  if  its  position  with  respect  to 
all  other  range  rings  is  known.  For  example,  suppose  that  the  observor 
knows  that  there  are  eight  rings  to  represent  a  total  of  80  miles.  Then 
when  he  realizes  that  a  particular  ring  is  tho  fourth  ring,  he  knows  what 
range  it  represents — in  this  case,  40  miles.  In  general,  wo  can  expect 
that  the  faster  an  observer  can  determine  tho  total  number  of  rings  on  a 
display,  the  faster  he  can  correctly  identify  any  particular  ring  (l). 
tyith  this  relationship  in  mind,  ve  can  soo  that  it  is  important  to  inves¬ 
tigate  tho  factors  which  affect  the  speed  of  recognizing  tho  total  number 
of  range  rings  on  a  display. 

In  a  previous  papor  (3),  the  authors  showed  that  the  time  required  for 
correct  identification  of  tho  total  numbor  of  range  rings  increasos  as  the 
number  of  rings  is  increased.  Thus  it  takes  longor  to  recognize  that  thore 
.arc  four  rings  on  a  display  than  that  there  arc  throe,  rings .  Even  though 
tho  relation  botvoen  time  for  correct  identification  and  number  of  rings 
hold  for  all  numbers  of  rings  investigated,  there  was  a  chango  in  slope  of 
tho  function  at  approximately  five  rings.  This  chango  suggested  that  the 
slowing-dcwn  effect  of  adding  more  rango  rings  is  more  eorious  above  than 
below  five  rings , 


Purpose  of  expel imcnts ,  The  purpose  of  the  present  experiments  Is.  to 
determino  the  effects  of  two  additional  factors  on  the  time  required  for 
correct  identification  cf  number  of  range  rings .  One  set  of  experiments 
is  concerned  with  the  overall  size,  of  the  display;  and  another  sot  is 
concerned  with  tho  brightness  of  the  display. 


APPARATUS 

Presentation  of  stimuli ^  The  primary  apparatus  consisted  of  two 
projectors  end  a  ground  glass  projection  screen.  Tho  slide  projector  was 
used  to  present  the  stimulus  material  on  the  screen,  while  tho  other  pro¬ 
jector  provided  a  pro-  and  post-exposure  field  of  equal  brightness.  Tho 
ground  glass  screen  was  mounted  vertically,  and  had  outsido  dimensions  of 
five  by  five  feet.  The  projectors  were  located  cn  ono  side  of  tho  screen, 
while  the  observer  was  soatod  cn  the  othor  aido. 

Tho  stimuli  projected  onto  tho  screen  wore  various  numbers  of  concen¬ 
tric.  rings,  appearing  on  tho  screen  as  black  ring3  on  a  vhito  background. 
The  rings  varied  in  number  from  two  to  10,  and  vero  arranged  so  that  the 
distance  between  successive  rings  was  always  equal  to  tho  radius  of  the 
innermost  ring.  In  othor  words,  the  lings  were  spaced  equally  f  ran. the 
center  of  the  screen  to  tho  outsido  diameter.  Regardless  of  tho  number  of 
rings  presented,  the  diemotcr  of  tho  outsido  ring  was  always  tho  same  for  a 
givon  act  of  conditions.  Thus  as  tho  number  of  rings  changod,  the  spacing 
between^  the  rings  also  changod. 

A  camera  shutter  with  a  solenoid  was  mounted  on  the  slide  projector. 
Whenever  the  .experimenter  prossed  a  telegraph  koy,  tho  shutter  of  the  slide 
projector  was  oponod,  and  tho  other  projector  (providing  tho  pro-oxpo3ure 
field)  .was  cut  off. 

Measurement  of  identification, time.  Whenever  the  telegraph  key  which 
opened  tho  shutter  of  the  slide  projector  was  pressed,  a  Standard  Electric 
Clock  (Model  S-l)  was  started.  The  clock  was  stopped  by  the  action  of  a 
throat  microphone  as  soon  as  the  observer  reported  tho  number  of  rings  soon. 
Thus  tho  clock  reading  (in  hundredths  of  a  second)  was  a  measure  of  the 
total  time  required  by  the  observer  to  report- tho  number  of  range  rings. 

The  circuits  used  to  provido  this  timing  and  shutter  control  have  been  des¬ 
cribed  in  detail  previously  (2,  4). 

Control  of  .display  slzo,  Tho  diameter  of  tho  display  (measured  -at  the 
outermost  ring)  was  varied  by  changing  the  distance  of  the  projector  fran 
the  screen.  Tho  visual  anglo  subtended  by  tho  display  was  varied  both  by  - 
changing  tho  diameter  of  the  display  and  by  changing  tho  distanco  of  the 
observer  from  the  screen. 

Control  of  brightness.  Tho  brightness  of  the  display  was  varied  in 
coarse  steps  by  placing  neutral  filters  in  tho  projector.  Fine  gradations 
of  brightness  wore  obtained  by  adjusting  tho  aporturo  on  tho  shutter. 
Brightness  levels  of  tho  scroon  voro  measured  with  a  Universal  Photomotor 
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(Model  A),  with  tho  sensitive  element  placed  directly  against  the  front  of 
the  display  screen -(i.e.,  tho  side  vievod  hy  the  observer).  Tho  only 
illumination  in  tho  roooi  vas  that  provided  hy  tho  two  projectors. 


PR0C2IXJEE 

■A  total  of  five  oibserver 3,  male  college  students,  participated  in 
theco  experiments,  although  data  wore  collected  from,  only  one  man  at  a 
time .  After  tho  proper  visual  angle  and  brightness  level  wore  arranged, 
the  ^observer  was  seated  on  a  stool  with  the  throat  microphone  adjusted  and 
chocked.  His  task  was  to  call  out  the  number  of  rings  that  was  presented 
to  him  each  time.  Approximately  cue  second  before  each  new  exposure,  tho 
experimenter  gave  a  verbal  warning  signal  to  the  observer.  The  observers 
were  asked  to  respond  as  rapidly  as  they  could,  but  wero  repeatedly  cau¬ 
tioned  to  bo  corfealn  that  their  roports  were  correct.  After  each  report 
was  made,  the  experimenter  recorded  tho  timo  score  and  reset  the  equipment. 

Number  of  observations.  _In_onp  experimental  sossion,  each  of  the 
different  numbers-  oi'  rings ’’was  presented  fivo  times,  making  a  total  of 
^5  t'ims  scores  per  subject- for  each  condition  of  visual  angle  and  bright¬ 
ness.  The  various  numbers  of  rings  were  presented  in  random  order.  The 
experimenter  presented  the-  exposures  as  rapidly  as,  he  could  in  a  given 
session,  with  an  average  time~of  about-  12~soconds  between  exposures.  After 
the  45  scores  wore  obtained  for  one  experimental  condition,  the  observer 
was  given  a  brief  rest  vhile  a  new  sot  of  conditions  was  arranged.  No 
observer  participated  for  more  than  one  hour  at  a  time. 

RESULTS  AND  DISCUSSION 

Effect  of' Visual  Angle  on  Speed  of  Identification 

Conditions.  Table  I  shcw3  the  various  visual  angles,  display  diameters, 
and  viewing  distances  used  to 'determine  the  effect  of  sizo  on  the  timo  re¬ 
quired  to  identify  tho  total  number  of  rings  presented.  Tho  visual  angles 
aro  presented  in  round  numbers,,  but  are  veil- 'within  tho  error  of  determining 
the  actual  distance  of  the  observer's  eyes  from  tho  screen.  The  viewing 
distances  shown  (distance  of  observer  from  screen)  also  arc  not  precise, 
sinco  no  attempt  was  made  to  kcop  the  observer's  oyes  in  a  rigidly  fixed 
position.  Notice  that  several  of  the  visual  angles  were  obtained  vith  two 
different  arrangements  of  display  diameter  and  viewing  'distance .  Tho  order 
of  presentation  of  the  various  'conditions  was  random. 

« 

For  each  of  tho  conditions  shown  in'  Table  I  measurements  verb  made  at 
two- different  brightness  lovols— rO.i  and  2.0  apparent  foot  candles.  It  will 
be  seen  later,  however,  that  tho  effect  of  brightness  over  this  range,  is 
very  small.  Consequently  wo  have  averaged  tho  data  for  the  two  \brightncss 
lovols.  Thus  under  each  arrangement  of  visual  angle,  10  identification  times 
wcr.c  obtained  for  each  oboc-rvor  for  each  total  number  of  rings. 
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Experimental  Conditions  Used  to  Determine  Effect  of 
Visual  Angle  on  Speed  of  Identifying  Number  of  Dings 


Visual  Angle 
(in  degrees) 

Diameter  of 

Outside  Ring 
(in  feet) 

Distance  of 
Observer  fresa 
Screen  (in  foot) 

1°  10* 

0.5 

24 

3?  30* 

1*0 

16. 

« 

0.5 

8 

7° 

1.0 

8 

If 

0.5 

4 

14° 

1.0 

• 

4 

If 

0.5 

2 

28° 

4.0 

8 

it 

1.0 

2 

53° 

4.0 

4 

90° 

4.0 

2 

Eolation  botwoon  visual  angle  and  numb or  of  rings.  Figuro  1  shows  how 
tho  time'  for  correct  identification  incrcuaos  as~  the  number  of  rings  is 
increased,  when  various  visuci  angles  are  used.  Each  of  the  three  largest 
visual  angles' was 'obtained  with  tvo  different  combinations  of  display  size 
and  viewing  distance),  and  the  curves  shown  in  Fig.  1  are  the  avert  fr  A  of 
tho  two  ccmbinaticns. 

The  smallest  changes  in  identification  time,  as  tho  total  number  of 
rings  is  increased,  occur  with  the  largest  visual  angle,  as  shown  In  Fig.  1. 
As, the  visual  angle  becomes  smaller,  tho  identification  time  rises  more 
rapidly  with  an  increase  in  tho  total  number  of  rings.  At  tho  smallest 
visual  angle,  the  observers  wore  unable  to  identify  tho  greater  number  of 
rings  regardless >of  how  long  they  wore  allovod  to  look,.  With  this  small  a 
visual  angle,  they  could  not  discriminate  between  the  linos  when  thoro  wore 
moro  than  four. 


TIME  FOR  CORRECT  IDENTIFICATION  (SEC 


2  3  4  5  6  7  8  9  10 

NUMBER  OF  RINGS  .... 


Fig.  1.  Speed  of  Identifying  Different  Numbers  of  Rings 
with  Various  Visual  Angles. 

Each  curve  is  for  a  different  visual  angle  as  indicated,  and  is  the  average  for 
two  brightness  levels.  In  addition,  each  curve  for  the  three  largest  visual  angles 
is  the  average  for  two  display  sizes.  Thus  each  plotted  point  for  the  three  largest 
visual  angles  is  the  average  of  100  observations.  For  "the  smallest  visual  angle, 
each  plotted  point  is,  the  average  of  50  observations. 
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Figure  2  shows  the  same  set  of  relations  as  Fig.  1,  Bat  in  another  way. 
Hero  vho  tine  for  correct  identification  is  plotted  as  a  function  of  the 
visual  angle  with  various  numfcors  of  rings.  It  can  ho  seen*  that  differences 
in  visual  angle  have  practically  no  effect  at  the  low  lumbers,  hut  havo  a 
very  noticeahlo  effect  at  the  highor  numbers. 

There  ie  an  optimum  visual  angle  at  about  30  degrees,  although  this 
optimum  is  not  vory  pronounced.  An  analysis  of  variance  shows  that  the 
incroaso  in  identification  time  for  the  two  largest  visual  angles  is  sig¬ 
nificant  beyond,  the  0,5  per  cent  level  of  confidence.  Even  vlth  this  high 
degree  of  statistical  significance,  however,  thero  is  little  practical 
significance  in  the  slight  rise  in  identification  time  with  the  larger- 
visual  angles.  Thus  vo  can  at  least  say  that  visual  angles  botveeh  about 
20  and  60  degrees  arc  about  equally  satisfactory  for  displays  on  which 
range  rings  must  ho  identified. 

Effect  of  display  diameter..  Four  of  the  various  visual  anglos  studied 
were  obtained  with  two  different  combinations  of  display  diameter  and 
viewing  distance .  All  visual  angle  data  presented  so  far  havo  boon  avorage 
values  for  the  two  different  combinations  used. 

Table  II 

Avorage  Time  (in  Seconds)  for  Identifying  Number  of 
Kings  .with  Different  Visual  Angles  and  Display  Diameters 

These  data  aro  the  average  identification  times  for  all  numbers  of  rings 
(two  to  ten).  The  actual  sizos  of  the  display  diamotero  can  bo  determined 
from  Table  I. 


Visual  Angle 


36  50i 

7° 

14° 

28° 

Average 

Larger 

Diameter 

l.Ybl 

I.667 

1.426 

1,261  ‘ 

U?29 

Smaller 

Diamotcr 

2-087 

1.372 

1.494 

1.373 

,  1.562 

Average 

1,924 

1.520 

1.460 

1.317 

Tabic  II  shows  the  ovorall  average  identification  times  (the  avorage  for  oil 
numbers  of  rings)  for  those  four  visual  angles,  at  the  larger  and  the  smallor 
diameters  soparatoly,  6a  tho  average,  tho  larger  diameter  (with  the  con¬ 
comitant  larger  viewing  di'stanco)  produces  ohortor  identification  tirnos  than 
the  smallor  diameter.  In  throe  out  of  four  cases,  this  ip  true.  An  analysis 
of  variance  indicates  that  tho  overall  effect  could  havo  occurred  by  chance 
onco  in  five  times,  but  that  tho  specific-  differences  (including  tho  re¬ 
versal)  could  havo  occurred  by  chance  loss  than  once  in  a  hundred  times. 


NUMBER 


O  1.0 


VISUAL  ANGLE  (DEGREES) 


Fig.  2.  Speed  of  Identifying  Number  of  Rings  as  a 
Function  of  Visual  Angle 

All  plotted  points  are  averages  for  two  brightness  levels.  Measures  at  visual 
angles  of  3.5,  7,  14,  and  20  degrees  were  made  with  two  different  display  sizes, 
and  each  point  is  thus  the  average  of  100  ^observations.  All  other  plotted  points 
are  averages  of  50  observations. 


Thus  vo  can  cay  that  the  overall  advantage  of  the  largor  diameters  is  not 
significant,  although  the  advantage  if?)  significant  in  the  specific  cases  in 
vhich  it  occurs  »  There  pocma  to  ho  no,  good  reason  why  the  snollor  dianotor- 
is  hotter  Vith  a  visual  angle  of  7  decrees,  vhon  the  larger*  dianoter  is 
hotter  for  all  other  visual  anglos. 


Effect  of  Brightness  on  Speed  of  Identification 


Conditions.  Table  III  shows  the  various  brightness  levels  which  vero 
used  to  determine  the  effect  of  brightness  on  tho  speed  of  identifying  total 
number  of  rings.  In  these  measurements,  tvo  different  visual  angles  were 
usod,  vith  tho  conditions  indicated  in  Tabic-  III .  Different  brightness  * . 
lovels  voro  usod  for  the  tvo  different  visual  angles-.  Tho  various  condi-- 
tlons  shown  vero  run  in  a  random  order. 
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Brightness  Levels  Used  to  Determine  Effect  of 
Brightness  on  Speed  of  Identifying  Humber  of  Ring3.- 

The  various  brightnesses  (in  apparent'  foot  candles)  aro  indicated  under 
each  of  tho  two  different  visual  angles  used.  Fox  the  smallor  visual  anglo, 
^  the  diameter  of  the  outside  ring  va3  1.0  ft.;  for  tho  largor  visual  engle, 
it  was  4.0  ft.-  In  both  cases,  tho  observer  was  4  ft.  from  tho  screen. 

Visual  Angle 


14° 

53° 

0.05 

0.05 

4.30 

0.30 

10.00 

1.00 

30.00 

3.6o 

55.00 

4.30 

Brightness  effects.  Tho  offset  of  brightness  on  the  identification 
time  for  number  of  rings  is'  shown*  in  Fig,  3.  Tho  plotted  points  there  rop- 
rosont  the  average  identification  times  for  all  numbers  of  rings,  Tho 
identification  time  decreases  vith  an  increase  in  brightness  level  vhon  the. 
largor  visual  angle  is  used,  and  thero  is  an.  optimum  brightness  at  10 
apparent  foot  candles  when  the  smaller  visual  angle  is  used.  It  seems  safo 
to  conclude,  then,  that  thero  is  an  optimum  brightness  for  this  type  of 
perception  at  about  10  apparent  foot  candles, 

Analysis  of  variance  ohous  that  tho  offoct  of  brightness  is-  signifi¬ 
cant  for  both  visual  angles  at  loss  than  tho  1.0  por  cent  level  of  conf i» 1 
donco.  Once  again,  however,,  tho  practical  significance  of.. tho  brightness 
offoct  is  small.  Tho  total  difference  in  identification  tirco  between. the 
boat  and  the*  poorest  brightness  levels  is*  Just  over  0«1  second. 


TIME  FOR  CORRECT  IDENTIFICATION 


Fig.  3.  bpeed  of-Identifying  Number  of  Rings  as  a 
Function  of  Brightness, Level' 

Each  plotted  point  is  the  average  identification  time  for  all  numbers  of  rings 
(two  to  ten).  The  experimental  conditions  are  shown  in  Table- III. 
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Total  mentor  offect.  The  effocts  of  loth  visual  anglo  and  brightness 
aro  small  compared  to  tho  offect  of  total  number  of  rings.  For  c-x&mplo, 
undor  boat  conditions,  changing  tho  numb  or  of  rings  from  six*  to  seven 
ihcreaaos  tho  identification  time  by  approximately  0.2  second. .  This  slight 
increase,  in  total  numbor  has  almost,  tv/ico  as  much  effect  as.  a  change  in  • 
brightness  of  a  factor  of  100.  Likewise,  tho  offect  of  changes  in  visual 
angle,  except  at  the  very  stall  anglos,  is  much  less  than  the  effect  of  ’ 

-  changing  total  number  of  rings.  The  most  important  factor,  then,  in  this 
type  of  perception,  is  tho  total  numbor  of  rings  which  must’  bo  identified. 
While  both  visual  anglo  and  bgighth  iss  have  seme  effect  on  tho  spcod  of 
identifying  total  number,  their  effects  are  smell  ccsnparouT'to'  tho  factor 
of  number  it-solf.  .  ij  -j 


Individual  Differences  - t .  — 

Five  subjects  were  used  in  these  experiments,  and  tho  differences 
between  their  average  identification  times  aro  quite  largo;  ■  Taklhg  ~ 

conditions  used  in  those  experiments  together,  the  five  overall-average 
identification  times  for  tho  five  obsorvors  were;  1.03,  1 .27 ,-lv39>  ¥'»^6» 
and- 1 .60  seconds .  Thus  there  is  a  difference  of  ovor  5.0  per ~cpnt  between 
tho  lccigeot-and.  the  shortest  average  times,  Gnco  again,  those  difforehcos 
ar enlarge  compared  to  differences  produced. by  changing  visual  angle  and 
brightness.  While  no  further  work  was  dono  in  these  exporixaDnts  on.dif-for- 
*  onccs  bot-woen  individuals,  such  work  might  bo  profitable.  Soliotion  of. 
obsorvors  for  tills  type  of  display  situation  might  be  tho  best  way  _of 
increasing  efficiency.  . 


comosioi®  _  .  V  ---- - - 

The  conclusions,  drawn  from  these  experiments  can  bo  summarized  as  _  _ 
-follows;..  ----n  -  _  - 

1.  -  Thero  is  an  optimal  display  size  for  identifying  tho  total  number 

of  range  rings.  Tho  effect  of-sizo  is  not  pronounced, -howovor, -exeept-at 
small  visual  angles.  In  gonoral,  it.  seems  best  to  use.  visual  anglos  between 
20  and  60  degrees.  -  _ _ 

2,  The  effect  of  visual  anglo  is  much  more  severe  with* large  total 
numbors..  than  with  small  total  numbors,  For  example,  changing  tho_visual. 
angle  from  -28  degrees  to  approximately- 3 .5  degrees  increases  identification  “ 
time  almost  by  a  factor  of  two  when  10  rings  are  used,  A  similar  change  in 
visual  angle  for  two  rings  increases  identification  time.. lass -than  10  -per-  cent . 

"“3".  "Thero  is  a  suggestion  that,  at  a  constant  visual  angle,  idgntifl- 
cation  timo  is  faster  with  a  larger  diameter  display  with-tbo-  observer  fartbor 
away  than  with  a  smaller  diameter  display  with  tho  obsorver  closor. 

>  '!•  i 


4.  ;Tho  optimum  scrocn  brightness  is  approximately  10  apparent  foot 
candles,  although  tho  effect  of  brightness  is  small  oyor  a  vide  rango  of 
brightnesses. 

-*5.  The  effect  of  incroasing  the  total  number  of  rings  is  much  more 
sovore  than  any  of  tho  effects  due  to  differences  in  sizo  or  brightness, 
oxcept  when  very  small  visual  angles  are  used  vith  large  numbers  of  rings. 

- -  .-6,  Individual  differences  in  speed  of  identification  are  largo,  and 

-selection  of  observers  for  this  type  of  perceptual  task  may  bo  tho  boot 
moans  of  incroasing  cfficioncy.  /  » 
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